Species diversity is unevenly distributed across the globe, with terrestrial diversity concentrated in a few restricted biodiversity hotspots. These areas are associated with high losses of primary vegetation and increased human population density, resulting in growing numbers of threatened species. We show that conservation of these hotspots is critical because they harbor even greater amounts of evolutionary history than expected by species numbers alone. We used supertrees for carnivores and primates to estimate that nearly 70% of the total amount of evolutionary history represented in these groups is found in 25 biodiversity hotspots.
Species diversity is unevenly distributed across the globe, with terrestrial diversity concentrated in a few restricted biodiversity hotspots. These areas are associated with high losses of primary vegetation and increased human population density, resulting in growing numbers of threatened species. We show that conservation of these hotspots is critical because they harbor even greater amounts of evolutionary history than expected by species numbers alone. We used supertrees for carnivores and primates to estimate that nearly 70% of the total amount of evolutionary history represented in these groups is found in 25 biodiversity hotspots.
B
iodiversity is distributed unequally across the globe-only a few, small areas hold most species (1) . At least 44% of vascular plants and 35% of vertebrates are endemic to 25 biodiversity ''hotspots'' (2) . Disconcertingly, people and, hence, threats to biodiversity are similarly distributed (3) . Thus, none of the hotspots retain above 30% of their natural habitat, and together they represent only 1.4% of the planet's land (4) . A hitherto unknown component of biodiversity hotspots is the evolutionary history of species residing within them-a more inclusive measure of biodiversity than species numbers (5) . If this history is disproportionately extensive, we may face losses of phylogenetic diversity (PD) (6, 7) and͞or evolutionarily ancient lineages (8) even more devastating than reflected by species losses alone. For example, the 103 endemic mammal species of Madagascar include no less than five endemic families and 14 endemic genera of primates (9, 10) . Such areas may not only be important reservoirs for phylogenetic history, they may also be critical for preserving the future of evolutionary processes where biodiversity is created (11) . Here we used complete phylogenies of two mammalian orders to show that significantly more primate and carnivore evolutionary history [343 million years (my)] is endemic to the hotspots than expected under a random model. Maybe even more serious, considering only threatened endemic species (12) , hotspots also hold 163 my more evolutionary history than expected.
We use two measures of evolutionary history, or PD, that are derived by examining branch lengths in a phylogenetic tree (13) . The first measure incorporates clade evolutionary history, which includes all of the branches within an included clade in a phylogeny (see Fig. 1 ), and hence takes higher-level diversity into account (6) . For species corresponding to an area or set of areas, clade evolutionary history is equal to the amount of branch length uniquely represented by this set of species. It is the amount of phylogenetic diversity inevitably lost if those areas are lost. The other represents the species evolutionary history, measured as the branch length from the present to the time of last divergence (7, 14, 15) . To obtain these measures, we used complete phylogenies (16) (with dated branch lengths) for all extant primate (17) and carnivore (18) species. For both orders, we measured the two PD parameters by using lists of species endemic to the hotspots. We then compared these values with those for 1,000 simulations of the same number of species removed at random (19) from the entire species lists for each order (9) . We repeated this analysis by using lists of all primates and carnivores occurring within the hotspots.
Methods
Species Range Designations to Hotspots. Allocation of species to hotspots was made in two ways. Carnivore and primate species were either listed as being strictly endemic to a hotspot or as occurring in a hotspot. Species that were endemic to multiple hotspots were classified as hotspot endemics. Most primate species are endemic to them (127 species from a total 233; only 29 species also occur outside of hotspots). By contrast, fewer terrestrial carnivores are endemic to hotspots (only 51 of 234 species); however, no less than 208 carnivore species occur in at least one hotspot. We give full primary references used to assess primate and carnivore distributions on the web at http:͞͞ www.faculty.virginia.edu͞gittleman.
Tests of PD. Phylogenetic information was based on complete trees of the primates (17) and carnivores (excluding pinnipeds) (18) . Branch lengths are derived from a combination of absolute (fossil and point molecular estimates) and relative molecular dates. Date estimates were available for a majority of nodes in both trees. Nodes without times of divergence were dated by interpolation using a pure birth model, whereby a clade's age is proportional to the logarithm of the number of species it contains (17) . Based on the numbers of species and their associated branch lengths in hotspots, 1,000 simulations were run on the same numbers of species removed at random (19) ; the phylogenies and computer programs used to conduct the simulations are available at http:͞͞www.bio.ic.ac.uk͞evolve͞.
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Results and Discussion
Approximately 55% of the world's primates and 22% of carnivores are endemic to hotspots. Entire primate lineages (Fig. 2a) are found in Madagascar (Cheirogaleidae, Megaladapidae, Lemuridae, Indriidae, and Daubentoniidae), Southeast Asia (Tarsiidae and Hylobatidae), and the Atlantic Forest of Brazil (Leontopithecus and Brachyteles). Comparatively few carnivores are endemic to hotspots (Fig. 2b) , although notable endemic clades include the Malagasy viverrids and the majority of New World procyonids.
With around 59% of species evolutionary history and 71% of clade evolutionary history, both measures of PD for hotspot endemic primates are significantly greater than expected under the random model (Table 1) . Branch lengths with dates of divergence allow analysis of whether lineages within hotspots are on average younger or older than those outside of hotspots. There are no overall differences with respect to mean (logtransformed) ages of species endemic to hotspots compared with non-hotspot species, although there are some patterns within continents. Primates within the Indo-Burma hotspot are older than Asian non-hotspot species (t ϭ 2.007, P Ͻ 0.05, df ϭ 18). Conversely, species endemic to the West African Guinea Forests and the Tanzanian Eastern Arc show a younger mean age than African non-hotspot species (t ϭ 2.144, P Ͻ 0.05, df ϭ 60). No consistent patterns were found in South American hotspot regions.
Carnivore species have unusually large distributions worldwide (20, 21) , and few species have restricted ranges. Thus, the amount of evolutionary history endemic to hotspots is less than in primates. Nevertheless, with either measure of PD, hotspots do contain a greater amount of carnivore PD than under a random model (Table 1 ). The ages of hotspot endemic carnivores are not significantly different from non-hotspot endemic species. Taken together, the ages of primate and carnivore species are not consistently older or younger in hotspots; a similar pattern is observed in other taxa whereby there is no consistency in the ages of lineages living in particular eco- PD is measured as clade evolutionary history (all branch lengths across clades) and species evolutionary history (branch length for each species from the most recent node) relative to the mean expected amounts from 1,000 random simulations for each measure. Similar results were obtained when data deficient species were counted as threatened (see text). * , P Յ 0.05; ** , P Յ 0.01.
climatic zones (22, 23) . Hotspots contain endemic primates and carnivores that, according to times of divergences in the phylogenies, represent over 343 my more evolutionary history than expected from the random model. The reason for hotspots containing a great amount of PD is that, with exceptions such as rapid radiations in Old World monkeys (24) and some canids (18) , a clade's evolutionary history within a given geographic region is generally variable with respect to ages of divergence.
A rank ordering of the top five hotspots according to endemic evolutionary history reveals taxonomic differences in the amount of unique evolutionary history (in millions of years) residing in them (see Fig. 3 ). In primates, they are Madagascar (257), Sundaland (65), Wallacea (50), Brazil's Atlantic forest (44), and Indo-Burma (40). For carnivores, they are Sundaland (53), Madagascar (51), Mesoamerica (35) , Western Ghats and Sri Lanka (26) , and the Guinean Forests of West Africa (22) . Madagascar and Sundaland are clearly outstanding for both groups.
The same analyses were performed by using all species occurring in the hotspots. The ranges of over 89% of carnivore species overlapped with at least one hotspot; for primates, the percentage is 67%. For both orders, the clade phylogenetic diversity occurring in hotspots was significantly greater than predicted by the random model ( Table 2 ). The amount of species evolutionary history occurring in hotspots was also significantly greater for primates, but not for carnivores.
Taxonomic revision can certainly affect the results of interspecific studies. Species level systematics are far from fully resolved even for groups as well known as primates and carnivores. For example, recent advances in primate taxonomy suggest that 110 Neotropical species exist (25), compared with the 84 traditionally listed (9) . With the revised taxonomy, however, there would be only three additional species endemic to hotspots, and four more occurring in hotspots. Further, recent phylogenetic analyses (26) identifying up to seven mouse lemur species (genus Microcebus) would make the value of PD even greater in Madagascar. Carnivore taxonomy is rather more stable (18, 27, 28) , and so changes within this order will have even smaller effects. Further analyses should allow the incorporation of more finely resolved systematic levels, such as subspecies or phylogenetic species (29) , or even character diversity (30) . Nonetheless, we doubt that these will alter our fundamental conclusion that evolutionary history is disproportionately concentrated in small-and highly threatened-areas. Generalizing these results, it is important to recognize that our analysis is restricted to primates and carnivores, two orders that comprise only 11% of all mammalian biodiversity (9) . Although these taxa do represent both comparatively narrow (primates) and broad (carnivores) distributions globally (31) , further mammalian and terrestrial vertebrate taxa should be examined across hotspots to evaluate differences in amounts of phylogenetic diversity living within them.
If hotspot lineages include many species listed on the International Union for the Conservation of Nature and Natural Resources Red List (12) as having a high probability of extinction in the medium-term future, impending losses of evolutionary history could be even more severe than the above results suggest (19, 32) . We used the Red List to examine the patterns in threatened species (species classified as LRcd and above; data deficient, extinct in the wild, and extinct species excluded) (12) . The majority of the species most likely to become extinct are endemic to the hotspots: 77% of threatened primates and 60% of threatened carnivores. For all primate species endemic to hotspots, 77% are threatened, whereas only 28% of species outside of hotspots are threatened; for carnivores, the numbers are 61% and 24%, respectively. We repeated the previous PD analyses by using only the threatened species. In terms of endemic clade evolutionary history, hotspots contain 63% of threatened primate PD and 37% of threatened carnivore PD; in both cases these figures are significantly higher than under the random model (see Table  1 ). When considering only threatened endemic species, hotspots also hold 163 my more evolutionary history than expected. When endemic species evolutionary history is analyzed, 82% of threatened primate PD and 45% of threatened carnivore PD is found only in the hotspots ( Table 1 ). The results are qualitatively similar considering all primates and carnivores occurring within hotspots (Table 2 ). Not only are hotspots critical for a large portion of the diversity of primates and carnivores overall, but the evolutionary history of extinction-prone species is disproportionately clustered in these areas.
Studies of past and present extinction rates have repeatedly shown taxonomically nonrandom patterns of threat to species (33) (34) (35) (36) . Further, the distributions of both biodiversity (4) and of people, and hence threats to this biodiversity (3), are also nonrandom across geographic space (37) . We expand these findings to show co-occurrence between the phylogenetic and the geographic clumping of both biodiversity and threats. A third of the evolutionary history of all primates and carnivores is completely encompassed within the hotspots, and cannot be saved unless the hotspots are conserved. Conversely, however, if we can save the hotspots, we can represent over 2.6 billion years of primate and carnivore evolutionary history, almost 70% of their total. Hotspots are not only vital areas of species-level endemism, but are also highly significant reservoirs of unique and threatened evolutionary history. Measures of PD as in Table 1 . * , P Յ 0.05; ** , P Յ 0.01.
